Probing the active sites of butyrylcholinesterase and cholesterol esterase with isomalathion: conserved stereoselective inactivation of serine hydrolases structurally related to acetylcholinesterase.
Previous work has shown that acetylcholinesterase (AChE), a member of the alpha/beta-hydrolase superfamily, is stereoselectively inhibited by the four stereoisomers of isomalathion. Recent kinetic and mass spectral data demonstrated that a difference in mechanism of inactivation exists for AChE treated with (1R)- versus (1S,3S)-stereoisomers. This study sought to determine whether other alpha/beta-hydrolases are stereoselectively inhibited by isomalathion and if the difference in mechanism of AChE inactivation between (1R)- and (1S,3S)-isomers is conserved for other alpha/beta-hydrolases. Bimolecular rate constants of inhibition (k(i)) were measured for human and equine butyrylcholinesterase (HBChE and EBChE, respectively) and bovine cholesterol esterase (BCholE) with all four isomers. Isomalathion isomers inhibited these enzymes with the following order of potency: (1R,3R) > (1R,3S) > (1S,3R) > or = (1S,3S). Ratios of k(i) values for the most potent to the least potent isomer were 10.5 (HBChE), 11.9 (EBChE), and 68.6 (BCholE). Rate constants of reactivation (k(3)) were measured for enzyme inhibited by isomalathion isomers. HBChE, EBChE, and BCholE inactivated by the (1R)-isomers readily reactivated. However, enzymes modified by (1S)-isomalathions were refractory toward reactivation, and k(3) values were not significantly different from zero for HBChE and BCholE treated with the (1S,3S)-isomer. Computer-based docking experiments were performed for BCholE with (1R,3R)- and (1S,3S)-enantiomers. Calculated structures predicted a difference in primary leaving group: diethyl thiosuccinate for (1R,3R)-isomalathion and thiomethyl for the (1S,3S)-isomer. The data demonstrate that the alpha/beta-hydrolases used in this study are stereoselectively inhibited by isomalathion. Furthermore, the results suggest that the mechanistic shift demonstrated to occur for inhibition of AChE by (1R)- versus (1S,3S)-isomers is conserved for butyrylcholinesterase and cholesterol esterase.